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SPACE SIMULATORS FOR LASER OPTICS 

Frank H. Gardner 
Tenney Engineering, Inc. 


I am going to describe different approaches that are being utilized in the 
testing of laser optical systems. One of the most crucial areas in the testing 
phase is the stability of the laser optics that is mounted inside the space 
simulator. 

In each case the individual user has his own ideas as to how to approach 
setting up the space simulating facility and how it should be utilized. 

In all of the cases we are going to discuss, you will notice that the 
customers all utilize different high vacuum pumping systems and different tempera- 
ture simulation thermal systems, as well as different ways that they mount the 
laser optical system to provide what they feel is the best possible stability. 


FIRST SLIDE 


This shows a comparatively large space simulation facility that is 6' in 
diameter x 6' deep. The reason for the large size of this facility is the fact 
that this particular customer is mounting a Newport table inside the space simulator 
with the legs going through the bottom of the chamber via special vibration 
isolation connections. 

The vacuum system for this chamber utilizes a turbomolecular pump with a 
valved system, as well as roughing pump of the mechanical type with a molecular 
sieve absorber and a main foreline valve. This enables the customer to obtain 
high vacuums in the 10~ torr range, and as a safety when they do their actual 
testing, they shut the pump off and close the valve to the roughing pump and the 
turbomolecular pump. This eliminates any possible vibration transmition to the 
chamber. All vacuum piping contains vibration isolation bellows as a safety. 

The chamber is furnished with a multitude of windows all around the chamber 
for easy viewing by the customer, and all of the windows are provided with special 
covers. An inside shroud is designed for operation with a flooded nitrogen system, 
providing only the extreme low temperature that can be obtained utilizing liquid 
nitrogen. 

From the customer's liquid nitrogen storage tank a nitrogen pump provides 
the liquid to the shroud connection, which has liquid nitrogen control valves tied 
into a liquid nitrogen temperature controller. It is a once-through system dis- 
charging, through insulated piping, out of building. 

This is an extremely costly system, not only because of the large chamber 
required to hold the Newport table, but also because of the high cost of the special 
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bellows assembly need for the penetration of the Newport table leg assembly. The 
large chamber requires a bigger pumping system and a large cryogenic shroud assembly, 
adding to the cost. The advantage is the laser system is mounted directly to the 
Newport table, providing for direct vibration isolation. 


SECOND SLIDE 


This shows a smaller thermal vacuum system, again with windows and covers, 
but with a mounting fixture such that the chamber and its mounting fixture sit 
directly on a Newport table. Thus the isolation is provided not only for the test 
item, but for the chamber itself. The chamber in this case only has to be sized 
for the laser test item. 

The chamber vacuum system in this case is a cryopumping system with a main 
valve and a mechanical roughing pump with its valve. Again, as in the previous 
condition, when the customer is ready to do his testing, the pumps are shut down 
and the valves are closed. For the 10 to 15 minute testing required, this short 
time period without the vacuum system operating has almost no effect on the vacuum 
level . 


A shroud is provided inside the chamber that is both cooled and heated with 
a mechanical refrigeration system. This refrigeration system is of the cascade 
type, cooling a secondary brine which also has a heater in the circuit for the 
heating of the brine. A special brine circulating pump is provided in a closed 
loop condition for circulation of the conditioned brine through the shroud. This 
provides the chamber with a thermal conditioning system giving a temperature range 
of from -73 “C to +125 °C. The refrigeration system is also provided with valves in 
the line, so that it too may be shut down during actual testing to help eliminate 
any external vibration. 

The chamber and the Newport table with the control panel are all mounted 
inside a clean room facility, whereas all of the machinery, the roughing pump, and 
the cryopump compressor are mounted on an external framework outside the clean room 
facility. 

With a brine thermal system, temperature control of ±.5°C is able to be 
maintained. A temperature microprocessor programmer, with built-in control functions 
and logic for operation of the refrigeration/brine thermal system, enables accurate 
stabilization control on the shroud, as well as very accurate ramp rates and 
cycling all automatically controlled. To further automate the operation, the 
vacuum system contains a Granville Phillips microprocessor ionization gauge with a 
digital Convectron gauge, allowing for automatic programming of the vacuum system 
from roughing to high vacuum, automatic opening and closing of vacuum valves, as 
well as shut-doxm of the roughing system when the cryopump is in full operation. 


THIRD SLIDE 


This shows a small thermal space simulator, again with windows and cover 
plates, except that this chamber sits directly on the Newport table. It utilizes 
a cryopump with a main valve, as well as a mechanical forepump with a valve. The 
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refrigeration system is all mechanical and is actually the same refrigeration 
system package that was utilized for the chamber shown in Slide 2. 

This customer utilizes one or the other of his two chambers, but never both 
chambers at the same time. This is being done because of two different laser 
systems that are being tested independently, each of a different configuration, 
and the space chamber system is required to be shipped with the laser system. 

The chamber again is mounted inside the clean room, with all machinery ex- 
ternal of the clean room area, and during actual testing, the vacuum system and the 
thermal system are shut down, and the main valves are closed off to the chamber. 

This thermal space simulator also incorporates a thermal microprocessor 
programmer, as well as a vacuum microprocessor, for complete automation of both 
thermal ramping and cycling and vacuum automation of operation. 

FOURTH SLIDE 


This shows a space simulator, again with windows and cover plates, that is 
mounted on an isolated foundation, not a table. This unit also utilizes a cryopump 
with a main valve, a mechanical roughing system with a valve, both of which are 
shut down and provided with quick disconnects that are utilized during the actual 
testing. 

The thermal system is a conditioned recirculated gaseous nitrogen system. 

It consists of a high pressure blower, electric heaters, and liquid nitrogen in- 
jection valves. A hermetic enclosure encapsulates not only the blower and heaters, 
but also the blower motor, eliminating all seals with their inherent problems. 

The enclosure and piping are pressurized with gaseous nitrogen and recirculated via 
the blower. The gaseous nitrogen is cooled via the injection of liquid nitrogen 
and heated via the electric heaters in the enclosure. This provides a thermal 
system with a temperature range of -300°F to +300°F (-185°C to +150°C). Since we 
are recirculating a gas, not a liquid, we must provide large diameter inter- 
connecting piping and shroud tubes, to minimize pressure drop. Control is provided 
via the injection of liquid nitrogen and the energizing of the electric heaters. 
Shut-off valves and quick disconnects are provided. 

All of the machinery is mounted remote of the chamber in a completely separate 
area, and this customer not only shuts off the valves to the chamber, but utilizes 
the quick disconnects to remove the lines to the chamber, so that no vibration can 
be transmitted from the external equipment to the chamber while tests are being 
accomplished . 

A remote control console contains all instrumentation for the space chamber 
facility. Microprocessor digital-type instrumentation for both the thermal system 
and for the vacuum system are provided, as well as recording capabilities for both 
temperature and vacuum. An umbilical cord connects the instrumentation to the 
chamber proper. 
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CONCLUDING REMARKS 


Regardless of the size or configuration of the space chamber, the basic 
shell of the chamber is manufactured of type 304 stainless steel that is heliarc 
welded, with the inside of the shell polished to a number 4 finish. All of the 
shrouds are manufactured of deoxidized copper sheet that has tubes welded to the 
exterior, and designed with the proper circuiting and headering for the heat trans- 
fer medium that is to be circulated. The outside of the shroud is then polished, 
with the inside treated and provided with a black finish having an emissivity of 
.9 or better. Copper is utilized for the shroud because of its high thermal 
conductivity and its ease of manufacture. 

All completed units are thoroughly pre-tested for vacuum and thermal 
conditions with the space chamber empty of a test item and without the isolation 
system. 

In all of the above cases the chamber is under a deep vacuum of a minimum of 
10 torr or better, and all of the testing is accomplished within a 10 - 15 
minute period. In all of the cases the 15-minute period is short enough so that 
there is no appreciable deterioration of either vacuum or thermal conditions while 
tests are being accomplished and with all of the machinery shut down or disconnected 
from the chambers . 

Each customer feels very strongly that he has completely isolated any 
vibration being transmitted to his test item. 

All of the above units are currently in operation successfully from the 
customer's point of view, and the ultimate determination of which type of approach 
for the design of the facility must be made by the customer, not by the manufacturer. 
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